A convenient and efficient method for the synthesis of 2-acylbenzothiazoles from benzothiazoles and aromatic ketones using oxygen as oxidant is described. FeCl 3 Á6H 2 O showed the best reactivity among the various iron salts investigated. Various functional groups were well tolerated under the optimized reaction conditions.
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2-Substituted benzothiazoles are one of the most important classes of heterocycles and have shown a wide range of biological activities, such as antitumor, antiviral, and antimicrobial. 1 In recent years, preparation and functionalization of substituted benzothiazoles have attracted much attention and great progress has been made especially for the important class of 2-arylbenzothiazoles. 2 Compared to the great progress which has been made on 2-arylbenzothiazole synthesis, 2-acylbenzothiazoles are rarely synthesized due to the difficulty in introducing an acyl group at the 2position of benzothiazoles. Only a few methods have been reported for the synthesis of 2-acylbenzothiazoles from 2-aminothiophenols and nitriles or phenylacetaldehydes. 3 Aryl alkyl ketones are cheap, commercially available, and are widely used as intermediates for pharmaceuticals. In recent years, the functionalization of C-H bond adjacent to the carbonyl group has attracted great attention. Efficient methods have been developed for selective arylation or amination of aryl alkyl ketones catalyzed by transition metals. 4,5 Direct amidation of aryl methyl ketones to form a-ketoamides has also been developed under oxidative reaction condition. 6 Very recently, Wu and co-workers developed various approaches to functionalize sp 3 C-H bonds in aryl methyl ketones promoted by I 2 . 7 They also developed a onepot synthesis of 2-acylbenzothiazoles from 2-amino benzenethiols and acetophenone as well as arylethenes, arylacetylenes, 2-hydroxy-aromatic ketones, and carbinols in the presence of stoichiometric amounts of I 2 . 8 In these transformations, the sp 3 C-H bond adjacent to the carbonyl group was firstly iodized before further conversion into reactive arylglyoxal intermediate. The preparation of 2-acylbenzothiazoles from aromatic ketones and benzothiazoles under I 2 -free conditions is a challenge. Recently, we developed an iron-catalyzed arylation of benzoazoles with aromatic aldehydes using oxygen as oxidant. 9 We also developed an efficient procedure for 2-aryl benzothiazole formation from aryl ketones and 2aminobenzenethiols under metal-and I 2 -free conditions using molecular oxygen as oxidant. 10, 11 In continuation of our interest in using iron as catalyst and oxygen as oxidant, herein we report an iron-catalyzed regioselective acylation of benzothiazoles with aromatic ketones using molecular oxygen as oxidant (Scheme 1).
We began our study by examining the reaction of benzothiazole (1a) with acetophenone (2a) in H 2 O/DMSO by using oxygen (1 atm) as oxidant at 120°C. When benzothiazole reacted with 1.5 equiv of acetophenone in the absence of any catalyst, no desired product was obtained as determined by GC and 1 H NMR methods (Table 1 , entry 1). Then various iron salts were investigated for this reaction under similar reaction conditions. No product was observed when Fe 2 O 3 and ferrocene were used (entries 2 and 3). The use of Fe(NO 3 ) 3 , FeSO 4 , and Fe 2 (SO 4 ) 3 all gave the desired product in moderate yield together with observable byproduct 2-phenyl benzothiazole (4a) (entries 5-7). Among the various iron salts examined, FeCl 3 Á6H 2 O was the most effective, and its use resulted in the formation of 3a in 76% yield (entry 8). The choice of ligands was crucial for this reaction. The combination of FeCl 3 Á6H 2 O with P(Cy) 3 HBF 4 could further improve the reaction 0040-4039 Ó 2013 The Authors. Published by Elsevier Ltd. http://dx.doi.org/10.1016/j.tetlet.2013.05.050 yield to 91%, together with 8% of byproduct 4a (entry 14). Solvent also played an important role in this transformation, the reactions in other solvents all decreased the reaction yields significantly, and no desired product was formed in the absence of . Much lower yield was obtained when the reaction was carried out under an atmosphere of air (entry 20). The reaction temperature is another important factor for the yield of the product. Increasing the reaction temperature increased the yield of the byproduct and decreased the desired product yield (entry 21).
Under the optimized reaction conditions, the scope and generality of the oxidative condensation were explored ( Table 2) . 12 The reactions with aromatic ketones bearing electron-donating groups at the aromatic ring proceeded smoothly to give the desired products in good yields (entries 2 and 3). Functional groups such as fluoro, chloro, trifluoromethyl, and nitro were well tolerated under the optimized reaction conditions (entries 4-8). The position of substituents on the phenyl ring of ketones affected the selectivity significantly, and the use of 2-chloroacetophenone (2f) afforded 3f and 4f in 80% total yield (entry 6). Notably, the coupling of hetero aromatic ketone 2-acetylthiophene (2j) with 1a afforded 3j in 65% yield (entry 10). To our delight, besides aromatic ketones, other aromatic carbonyl compounds such as propiophenone (2k) and ethyl benzoylacetate (2l) also reacted with 1a to give the desired products in good yields (entries 11 and 12). Unfortunately, aliphatic ketones are not suitable substrates for this kind of transformation under the optimal reaction conditions.
To further explore the scope of the reaction, various benzothiazoles were employed to react with 2a under the optimized reaction conditions (Table 3) . A series of functional groups including methyl, methoxy, chloro, bromo, and nitro were well tolerated under the optimal conditions, and the desired products were obtained in moderate to good yields (Table 3 , entries 1-7). The position of the substituents on the phenyl ring of benzothiazoles affected the reaction yield significantly, and the use of 4-methylbenzothiazole (1i) afforded the desired product in 15% yield as detected by GC (entry 8). Under the optimized reaction conditions, the reaction of 2-aminothiophenol with acetophenone also gave the desired product 3a in 52% yield which was lower than the reaction yield of benzothiazole with acetophenone (entry 9). Unfortunately, benzoxazoles are not good substrates for this transformation under the optimized reaction conditions.
To get more information about the reaction mechanism, several control experiments were set up under the standard conditions. We performed a 13 C labeling experiment under the optimized conditions with acetophenone-a-13 C. The corresponding adducts 3a and 4a with 13 C were obtained in 84% total yield (Schemes 1 and 2). The reaction of benzothiazole with phenylglyoxal showed much poor selectivity and gave 4a as the major product (Scheme 2). Based on these observations and our previous research, 9 a possible reaction mechanism is described as follows using benzothiazole (1a) and acetophenone (2a) as an example (Scheme 3). Initially, benzothiazole 1a was converted to 2-aminothiophenol (A) via ring-opening reaction in the presence of Lewis acid catalyst FeCl 3 Á6H 2 O, 13 which is similar to our previous work with aromatic aldehydes. 9a In the meanwhile, acetophenone 2b was oxidized to phenylglyoxal (B) which is similar to the I 2 promoted sp 3 C-H functionalization. 7c,14 The condensation of A and B generated an imine intermediate C, which could afford D via intramolecular cyclization. Finally, the oxidative dehydrogenation of D provided the desired product 3a.
In summary, we have developed an efficient 2-acylbenzo thiazole formation from benzothiazoles and aromatic ketones catalyzed by iron salts under an atmosphere of oxygen. Solvent played an important role in this transformation and the best yield was obtained in a mixture of H 2 O/DMSO. Functional groups such as methyl, methoxy, fluoro, chloro, bromo, and nitro were all well tolerated under the optimized reaction conditions. This method af-fords an efficient alternative route for the synthesis of acylbenzothiazoles under I 2 -free conditions. The scope, mechanism, and synthetic applications of this reaction are under investigation. 
